Bari Doab is depleting the most in groundwater and therefore needs to be recharged. This paper presents a possibility of recharging Bari Doab through the abandoned Sukh-Beas channel. For this purpose, 25 cross sections were taken and ten infiltration tests were performed. Three different HEC-RAS models were run to find its channel capacity at different reaches. The infiltration capacity of the Sukh-Beas Nallah was found to be a total of about 808 cfs, which can be used to recharge the groundwater, after some necessary steps have been taken to improve the infrastructure.
Introduction
Depleting in lower and central parts of the Bari Doab, increasing deficit between groundwater recharge and extraction by tube well is causing groundwater depletion to the tune of about 0.15-0.55 m per year. However, the situation in other areas of Punjab is comparatively better (Figs. 1, 2) . Sixty-five percent area of Bari Doab has depth to water table (DTW) of more than 12 m, whereas maximum DTW has reached up to 24 m in the lower parts of Bari Doab (Basharat 2016) .
The conditions are getting worse with the passage of time even in agricultural areas of Bari Doab, i.e., in October 2014, an area of 86.41% had DTW of more than 600 cm. Also, 59.1% of the total area had DTW of more than 1200 cm, as shown in Fig. 2 . Another relatively severe impact of groundwater depletion is the quality deterioration of groundwater being pumped by the farmers, particularly in central depleted areas of the Doab, where deeper groundwater has higher salt contents as compared to shallow groundwater (Fig. 3) , seeped after inception of the irrigation system. Ensuing to groundwater depletion, pumping costs have increased about 3-5 times due to the deepening of pump sumps and conversion from centrifugal to turbine pumps (Basharat 2012 ).
Moving toward sustainable use of groundwater
If declining water table is the manifestation of unsustainable use of groundwater, arresting the decline and recharging the groundwater are the only means to restore sustainability to the system. Alternate cropping and improving efficiency of irrigation water can check the receding water table. Also, use of surplus canal water during the rainy season to recharge the aquifers may be of some help in reversing the trend. No single approach can reverse such a large negative groundwater balance as is observed in Bari Doab. In Pakistan, there is a strong relationship between groundwater irrigation, food security and the livelihoods of the population dependent on it. Therefore, there is a dire need to stabilize or even improve the groundwater levels in Bari Doab.
Also, the diversion of surplus surface water to groundwater storage appears to offer the most favorable prospects for control below Kotri wastage of our precious resource in the absence of any surface storages to be added in near future. The alluvial aquifer that underlies Punjab is ideal for the purpose in nearly all respects (Greenman et al. 1967) . It is favorably situated with respect to both the availability of recharge and areas of use of water, and there are no extensive geologic barriers to recharge or to circulation within the aquifer. The storage capacity of the groundwater reservoir is equal to many times the annual flow of the Indus River system. Moreover, the groundwater reservoir has infinite life because the groundwater storage is free of sediments. The groundwater reservoir can be replenished according to the availability of surface water for recharge, and the reservoir can be tapped according to the demand for water without regard to seasonal or annual variations in river flows.
Sukh-Beas River
The actual Beas River originates in the northern part of India. The river rises in the Himalayas in central Himachal Pradesh, India, and flows for about 470 km to the Sutlej River in the Indian state of Punjab. Its drainage basin is 20,303 km 2 . The popular story about the Beas River is that till the end of eighteenth century, it flowed down this nallah (instead of joining Sutlej River near Ferozepur) and joined the Rohi Nallah (old Sukh-Beas) as it entered Pakistan at Taraga Post adjacent to RD: 476 of BRBD canal and discharged into the Sutlej River reach which belongs to Pakistan, before Ferozepur Headworks. Till 1960s or 70s, the Kasur Nallah flowed down along the city of Kasur (Basharat 2016) to pass as a siphon under the Kasur Nallah. The diverted channel completely passes along the Pakistani side of the international borders and joins Sutlej River upstream of Ferozepur Barrage, which is in India. Therefore, nowadays the Sukh-Beas has no catchment across Indian borders and only carries drainage water of the adjacent lands of Bari Doab from Kasur district. In the past, it used to cross into Pakistan from India (called Rohi Nallah) and brought heavy flood flows, but now its natural course (BRBD crosses as a siphon at RD496) has been diverted to Sutlej River along the left side of the Bambanwala-Ravi-Bedian-Depalpur (BRBD) Link canal. Now, the remaining Sukh-Beas starts from downstream of BRBD canal. In Pakistan, most of its bed remains dry except upper reaches receiving drainage from adjacent villages and factories. The flow reduces in the d/s direction due to infiltration under the bed.
Previously, the BRBD canal flowed under this old Sukh-Beas channel as a siphon at RD: 496 of BRBD. Nowadays, the BRBD passes this site as an open channel with a slight curve. The Rohi Nallah (written as Kasur Nallah on Google Maps, showing it as passing through the Batala city, while coming from Gurdaspur) originates adjacent to Beas River.
A field tour was carried out to confirm the existing route and flows in the Rohi Nallah, on December 02, 2014. A discharge of 200-400 cusecs was judged as flowing in the nallah. (Channel prism is irregular, and therefore it is difficult to assess the discharge.) According to the local people, the Rohi Nallah flows round the year. Wherever possible, the farmers pump surface water for irrigating the adjoining lands. This pumped water costs about 70% of the groundwater pumping cost. Flood is observed every year in the Rohi Nallah. According to a farmer, who also guided in the area, polluted water was normally observed as flowing in the Rohi Nallah until 2000. But since then, freshwater flows round the year. Keeping in view that India completed Thein Dam on Ravi River in 2000, it is postulated that from 2000 onward, this Rohi Nallah is being used as a link channel to divert flows from Ravi to Ferozepur Headworks.
The Sukh-Beas Nallah is located in the center and along the entire length of the Bari Doab. It is the main surface water drainage channel in the area which has a length of 535 miles. The northwestern boundary of its catchment basin is formed by the Central Bari Doab Canal, the Lower Bari Doab Canal and the Haveli Canal and the southeastern boundary by the Dipalpur Canal, the Pakpattan Canal and the Mailsi Canal. The area in between is under the command of innumerable branch canals, distributaries, minors, sub-minors and watercourses which irrigate the entire catchment basin. The Sukh-Beas Nallah follows the border line between the canal systems on its right and left along the lowest contours ( Fig. 4) . Presently, the Sukh-Beas has no catchment across Indian borders and only carries drainage water of the adjacent lands of Bari Doab starting from Kasur district (Basharat 2016) . The Sukh-Beas catchment covers parts of the district of Lahore, Kasur, Sahiwal, Vehari and Multan. Presently, most of the Sukh-Beas bed remains dry except the upper reaches receiving drainage from adjacent villages and factories, particularly the effluent from different industries, e.g., Abdullah Sugar Mill near Suffa Village (d/s of BS Link canal). The flow reduces in the d/s direction due to infiltration under the bed (Basharat 2016 ).
Methodology and field data analysis
The study consists of both desk work and field surveys. The desk work mainly included data analysis regarding river flows , particularly discharges at various barrages for assessment of available flood flows. The field surveys were carried out for measuring channel cross sections, and in situ infiltration tests were conducted in the bed of Sukh-Beas channel at appropriate locations.
Estimation of flood water availability in the river system
In hydrology, the annual exceedance probability (AEP) is the chance or probability of a rainfall or flooding event occurring annually and is usually expressed as a percentage. For example, an event having a 1 in 100 chance of occurring in any single year would be having and AEP of 1%. Similarly, any discharge value having an AEP of 50% will have 50 in 100 chances of occurrence, i.e., the event is expected to occur every second year. Heavy rainfall or flood events occur less often and will therefore have a lesser annual probability.
Estimation of potential flood flows in the river system using available discharges and corresponding flow volumes at various barrages in Ravi, Sutlej, Chenab and Jhelum rivers was carried out. Aike and Daik Nallahs could not be included in the data analysis due to the non-availability of data. The data was processed hydrologically and statistically for estimating the availability of different flood volumes and their corresponding return periods in the river system.
The 10-daily discharge data regarding downstream flows of the barrages on Sutlej, Ravi, Chenab and Jhelum rivers were collected from Chief Engineer, H&WM (Hydrology and Water Management) of WAPDA, for the period 1976-1977 to 2014-2015 . The data for the period from July to September for each year were extracted from the annual records and analyzed in Excel for the total and annual average volumes during these 3 months. For the purpose of evaluation of probability of extra discharges and volumes available at each site, the 10-daily discharges were arranged in series in descending order. Flow duration curves were drawn, and discharges were calculated at 50%, 65% and 75% probability of exceedance, using Eq. (1), as follows:
where F is the frequency of occurrence (expressed as % of time, a particular flow value is equaled or exceeded), R is the Rank and N is the total number of observations. Similarly, the corresponding volume at respective exceedance probability was also calculated.
(1) F = 100 * R N + 1
Sukh-Beas channel capacity assessment
Google Earth was used for digitizing the route of Sukh-Beas (SB) channel as exactly as it appears on the earth's surface, using kmz file format. The channel was traced back till beyond Amritsar in India. The kmz file was imported and converted to shapefile in ArcMap 10.1, where it was divided into various reaches and sections. The total length of the SB channel studied is 765.3 km, starting from BS Link canal to its outfall in Sutlej River and the remaining downstream portion till its confluence with Chenab River, after passing under the SMB Link canal as a siphon (Basharat 2016) .
Leveling survey
Leveling surveys were carried out at 25 locations (Figs. 4, 5) to draw cross sections along the channel at appropriate intervals. Minors/distributaries falling close to the SB channel were selected, and their bed levels served as benchmarks. Wherever bed levels were found to be out of shape significantly, the full supply level (FSL) marks served as the benchmarks. These benchmark data were obtained from GIS attribute data of irrigation channel shapefiles prepared for Punjab Irrigation Department by GEO Research Consultants. The survey was carried out with the help of dumpy level (Fig. 5 ). The data were processed in Excel, and graphs were drawn for accuracy checks before using the cross-sectional data in HEC-RAS model. This helped in defining the channel prism and the assessment of the discharge carrying capacity using HEC-RAS model. Locations of these 25 cross sections along the Sukh-Beas channel are given in Table 1 . For channel discharge capacity assessment purposes, HEC-RAS model was built as explained in the following section.
HEC-RAS modeling for capacity assessment
HEC-RAS version 5.0 was used for discharge carrying capacity assessment of the channel. Three separate steadystate models were developed for the three reaches (as shown in Fig. 4 ), i.e.,
• BS Link to Sukhnai outfall into the Sutlej River near Luddan; • Sukh-Beas diversion near Burewala to SMB Link; and • SMB Link to Chenab River.
The geometry file for HEC-RAS was developed using RAS Geometry and RAS Mapping tools of HEC-GeoRAS in ArcMAp 10.1. Cross sections are one of the key inputs to HEC-RAS. Cross-sectional points as surveyed in the field were converted to station points depending upon their respective locations. All the cross-sectional data were copied from Excel into the Cross Section Data Editor of HEC-RAS. All the cross sections were entered from left to right while looking in downstream direction of the Sukh-Beas channel. For such earthen channels, n values, as given in Chow (1959) , range from 0.022 to 0.033. Initially, the three river reaches were analyzed using observed geometric/cross-sectional data. Afterward, additional cross sections were added by interpolation, wherever required. Different discharges were tried for the three reaches modeled, until a suitable discharge was accommodated in the respective reach.
Infiltration tests and borehole strata
Keeping in view the heterogeneity of the alluvium in the area, ten infiltration tests were conducted in the channel bed using a double-ring infiltrometer, at ten different locations well distributed across the course of the channel. All the tests were performed either in the center of the channel (in case of dry bed) or at the side of the flowing water in the channel. This was done to make sure that the time required for performing the test is the minimum possible, and the final infiltration rate achieved represents saturated conditions below the infiltrometer. So, this would help in accurately estimating groundwater recharge potential in the bed of Sukh-Beas channel. Keeping in view the large variation in infiltration rates as observed during the field tests, as well as well established heterogeneity of the aquifer under Bari Doab, lithologic data of boreholes collected during 1950s and 60s were used, as detailed in WAPDA (1980) . The test drilling/boreholes map from WAPDA (1980) was scanned and georeferenced. The boreholes falling along the Sukh-Beas channel were digitized along with the logs data. Altogether, the total channel length from BS Link canal to Sukhnai outfall and the remaining portion joining River Chenab was divided into ten reaches, as given in Table 2 . The depth of the Sukh-Beas channel varies from about 3 m in the upstream to about 1 m in the downstream direction.
The lithology of sediments (e.g., clay, silt, sand or a mix of these) for 3 m thickness below the aforementioned channel depths was noted from the logs of boreholes falling adjacent to the Sukh-Beas channel. So, the K values for the bed materials at respective locations were based on the lithology of material, and the values reported in the literature for these materials (Ritzema 1994, Table 7 .2 page: 237), as given in Table 3 . Wetted perimeter of all the cross sections falling in respective reaches was obtained from the respective HEC-RAS model for the full capacity simulated discharge, and an average value was obtained for each reach. The average wetted perimeter of the channel within the respective reach was multiplied with its length to get the total wetted area (m 2 ) through which the recharging water would be passing.
The infiltration capacity (seepage) of Sukh-Beas channel was estimated using Darcy's Law:
where Q is the seepage rate, K is the coefficient of permeability, i is the hydraulic gradient and A is the wetted area causing seepage.
Water table under the Sukh-Beas channel is deep enough (varies from 6 m to more than 20 m) that the channel seepage can be assumed as not connected to the water table. According to the theory of fluid mechanics, for a vertical water column, the value of Hydraulic Gradient i can be taken as unity. The flow depth above the bed was taken as extra head over the bed causing seepage. Therefore, hydraulic gradient (i) was calculated as "assumed bed thickness (2 m) + flow depth" divided by "assumed bed thickness (2 m)."
Estimation of flood water availability for barrages in Punjab
Discharges and volumes at 50%, 65% and 75% AEP (annual exceedance probability during July to September) at different barrages on Jhelum, Chenab, Ravi and Sutlej rivers and releases below Kotri Barrage are given in Table 4 . At the Punjnad Barrage, where the extra flows from Jhelum, Chenab, Ravi and Sutlej join together, the downstream discharge and volume at 50% AEP were 31,100 cfs and 10.28 MAF, respectively. At 65% AEP, the corresponding values were 13,200 cfs and 10.86 MAF. Similarly, at 75% AEP, discharge was 7000 cfs and volume was 11.04 MAF. It means there is only a little addition in volume of 0.76 MAF when probability of 75% is taken instead of 50%. Thus, 50% exceedance probability is dependable instead of 75% or 65%. Therefore, a volume of 10.28 MAF is available at Punjnad Barrage which can be utilized for groundwater recharge subject to its appropriate management during its routing in the river system.
At Balloki Barrage, discharge at 50% probability of exceedance (during July-September) was 9300 cfs, and the Q = KiA Table 4 gives that below Qadirabad Barrage (Chenab River), available discharge at 50% and 75% exceedance probability was 29,200 cfs and 10,600 cfs, respectively. The corresponding downstream flow volumes were 7.14 and 8.01 MAF, respectively. Also, at Trimmu Barrage, available discharge at 50% and 75% exceedance probability was 31,800 cfs and 7600 cfs, respectively; the corresponding flow volumes were 9.61 and 10.46 MAF, respectively. However, extra flood water available at Rasul Barrage (Jhelum River) being 8200 cfs and 1200 cfs at 50% and 75% exceedance probability, with corresponding flow volumes being 3.68 and 3.88 MAF, respectively, is considerably less because the flood flows in its catchment are regulated by the Mangla Barrage for irrigation and power generation.
Thus, the flows in Ravi River can be further enhanced by remodeling the two existing link canals between Chenab and Ravi rivers, i.e., Qadirabad-Balloki and Trimmu-Sidhnai. Thus, enhancing the capacities of link canals would further help in diverting the extra flood flows available in Chenab River to Ravi at Balloki and Sidhnai barrages. From the Ravi River, these extra flows would be diverted to Sukh-Beas channel through Balloki-Sulemanki and Sidhnai-Mailsi Link canals.
In order to make sure that the extra flood flows below Punjnad Barrage are not being utilized in Lower Indus, the flows below Kotri Barrage were also analyzed. The results show that extra releases going downstream of Kotri Barrage were 78,600 cfs and 17,100 cfs at 50% and 75% exceedance probability, with corresponding flow volumes being 22.64 and 24.75 MAF, respectively. Also, the probability of 10,000 and 5000 cfs below Kotri Barrage remained as 79.4% and 84.5%, respectively, during these 3 months. Thus, all these statistics at different barrages indicate that the releases below Punjnad Barrage remain as extra flood water during the 3 months, i.e., July-September. The months can be ranked as August, July and September in decreasing order of flows.
Again, the 10-daily discharges flowing downstream of the respective barrages were arranged in series in descending order. AEP curves on 10-daily flow basis were also drawn for the individual barrages, i.e., Sutlej component above, Balloki component above, Qadirabad d/s, Trimmu d/s, Punjnad d/s and Kotri d/s, to check further distribution of available flows within July to September, as explained below (Fig. 6 ).
• For Qadirabad Barrage, minimum monthly flows were available during September, as compared to July and August. Also, minimum flows were observed during the last 10 days of September. The months can be ranked as August, July and September in decreasing order of flows. • Similar trends are observed for the flows for Indian-flow components of Ravi River observed at Balloki above. Also, maximum flows were observed during the period from July 21 to August 31, i.e., during the last 11 days of July, and the whole month of August. Minimum flows were observed during the first 10 days of July and the last 10 days of September. Here again, the months can be ranked as August, July and September in decreasing order of flows. • However, trends were a little different for the flows for Indian-flow component of Sutlej River observed at Sulemanki above. Here, the months are ranked as August, September and July in decreasing order of flows. Flows were maximum from August 01 to September 20. This is due to the fact that India tries to fill its available reservoir to the maximum possible as early as possible and then spills extra water during the rest of the monsoon. • Releases below Kotri Barrage also have a similar trend to the Sutlej River component above Sulemanki, i.e., monthwise flows rank from August, September and July, in decreasing order. Here again, the extra flows after filling of Mangla and Tarbela are released late during the remaining monsoon period.
Modeling results for capacity assessment
Assuming that Sukh-Beas (SB) channel exists along all its course up to River Chenab, with same sections as observed in upstream and downstream sides of the reaches, the HEC-RAS model has simulated its discharge capacity as 113.27 cms (4000 cfs) for BS Link to its outfall in Sutlej River near Luddan, SMB Link to SB divergence point as 1000 cfs and 43 m 3 /s (1518 cfs) for SMB Link to its confluence with Chenab River. Normal depth boundary condition (with energy slope of 0.000114) was used at its section. The energy slope is used to compute normal depth from the given flow rate. The model was run several times, and various discharge profiles were simulated. However, after substantial rehabilitation of the channel, particularly in a reach of about 15-20 km, lying exactly on north of Vehari City, a discharge of 28 cms (1000 cfs) can also be diverted to SB diversion to SMB Link canal.
SMB Link canal to Chenab River, existing conditions of the channel
The total length of this reach is 236.2 km, and the channel capacity successively reduces in downstream direction. The channel gets shallow and less deep toward the Chenab River. The channel is much wider and deeper till it continues with the New Alipur Disty. However, due to non-function of the channel, the local government and people have constructed small metaled and Kacha roads across the channel at few places. However, under major road and rail links, 1976-1977 to 2014-2015) at various barrages in Indus River system the bridges are of sufficient capacity to pass a discharge of about 4000 cfs, as the escape structure of SMB Link canal (RD: 150970) is already designed to pass 4000 cfs, with a peak possible discharge of 5500 cfs. The channel is almost in good shape and section till Garha More-Nawan Chowk road. After that, neighboring farmers have started cultivating the channel, however without disturbing the bed level. After this, till Basti Malook, farmers at a few places have disturbed the channel section. After Basti Malook, bridges are there on main roads, but the farmers have extensively cultivated the channel bed, till its confluence with Chenab River. That is why the channel is not in good shape. However, still the channel route is identifiable and can be rehabilitated for channelization and releasing flood water, but would necessarily require digging of its bed by about 1 m.
A steady-state model was developed for the reach, starting with a discharge of 43 m 3 /s (1518 cfs, Fig. 7) . Normal depth boundary condition (with energy slope of 0.0000875) was used. The HEC-RAS has the capability to perform channel modification on an existing channel geometry. Now the model was run by lowering the bed level by 1 m from the third section (2L/10R/LBDC) to Chenab River, but without widening the section. It is seen that with deepening of the channel bed by 1 m, the Sukh-Beas can accommodate a discharge of 43 m 3 /s (1518 cfs) up to its confluence with Chenab River as shown in Fig. 7 .
Recharge estimation of Sukh-Beas channel
The water table below SB channel is more than 6 m, and therefore it can be assumed that the SB flow is not directly connected with the groundwater or the saturated zone. Thus, channel seepage in SB would be governed by hydraulic properties of the channel bed and bank and the hydraulic gradient which would necessarily be vertical. Flow through porous media is governed by Darcy's law expressed by Eq. (2) (Rushton and Redshaw 1979) , and the amount of seepage through an area A is expressed by Eq. (3) (Cedergren 1988): where v is the seepage velocity, k the hydraulic conductivity or permeability, i the hydraulic gradient equal to the net head over the area A divided by the thickness of a soil sample, Q the seepage discharge rate, K the coefficient of permeability and A the wetted area of the channel causing seepage. Thus, the infiltration capacity (seepage) of Sukh-Beas channel can be estimated using Eq. (3). With prevailing groundwater levels varying between 10 and 25 m below the NSL, seepage flow beneath SB bed can be certainly assumed as vertical. The flow depth above the bed was taken as extra head over the bed causing seepage. Therefore, hydraulic gradient (i) was calculated as "assumed bed thickness (2 m) + flow depth" divided by "the assumed bed thickness (2 m)."
Recharge estimation
The ten infiltration tests conducted in the Sukh-Beas channel bed gave wide ranging results as given in Table 5 , i.e., varying from 2.4 to 144 cm/day, with infiltration rates generally increasing in downstream direction. Also, the ten infiltration tests conducted along a total SB length of 765 km were too less in number. Seepage from SB channel is linked to the upper soil strata. SB channel bed is about 2-3 m (10 ft) below the surrounding NSL in the reach from BS Link to its diversion to Sukhnai outfall drain. However, from Sukh-Beas diversion to its joining with Chenab River, the bed depth varies from 1 to 2 m below the surrounding NSL. Thus, in order to define a representative infiltration rate for any reach was not beyond doubts due to such a high variability, as also proved from the hydrogeological investigations. Therefore, top strata of test holes conducted during 1950s and 60s falling along and near the SB channel were consulted, and the material within 3 m below the channel bed was listed to define hydraulic conductivity.
The detailed recharge calculations are given in Tables 6  and 7 . A recharge of 330.5, 68.4, 198.6 and 210.3 cfs was estimated for BS Link to SB diversion point, SB diversion point to Sukhnai outfall in Sutlej, SB diversion point to SMB Link and SMB Link to Chenab River, respectively, with a total of 807.8 cfs and a channel length of 765.3 km.
Steps before flood water diversion
The SB Nallah exists right in the middle of Bari Doab where groundwater levels are the deepest and the channel is already linked to the river system through escape gates at BS and SMB Link canals. Therefore, it is worth moving toward utilizing the flood flows and recharging it to the depleting aquifer. However, certain steps need to be taken before the flood water can be released as discussed below.
Escape structures

BS Link escape structure
The SB River passes under the BS Link canals as a siphon (Fig. 8L) ; the BS Link also has the escape structure designed to discharge into the SB Nallah (Fig. 8R) . The escape structure has eight gates. As shown in Figs. 8 and 9 (snaps taken during January 2016), gate operating motors existed some time ago on the structure, but had been stolen. Sliding channels and rollers of individual gates are intact, but would certainly need rehabilitation before these can be utilized for releasing flood water. The channel linking the escape structure to the SB Nallah and the Nallah itself is wide enough here and therefore has a sufficiently large capacity, i.e., more than 4000 cfs, the assessed capacity of the SB channel through HEC-RAS modeling.
SMB Link escape structure gates
Condition survey of the gates of the escape structure discharging into the SB Nallah Sidhnai-Mailsi-Bahawal (SMB) Link canal was carried out during January 2016 ( Fig. 10) . Pictures were taken for each of the six gates, and the conditions were noted (Fig. 10) . Gates were found to be in good condition and functioning properly in closed position and may need minor rehabilitation/cleaning for making operational for proposed escapages to the SB channel. underground water level rises and severely damages the crop production in the area. Therefore, conveying extra water through the TS Link without its lining is out of question. Therefore, the only option of diversion of this extra flood water to the Ravi River remains through the QB Link, UCC Link or MR Link canals. Once conveyed into the Ravi River, it can then be diverted to the SB channel through the Balloki-Sulemanki and Sidhnai-Mailsi Link canals. However, capacity enhancement of these link canals might be required, in coherence with the maximum discharge capacity of SB channel which can be accommodated for conveyance and recharge to the groundwater.
At Balloki Barrage, discharge at 50% probability of exceedance (during July to September) was 9300 cfs, and the corresponding volume going downstream was 2.53 MAF. Also, the corresponding figures for Sidhnai downstream were 5700 cfs and 1.89 MAF. Thus, substantial volume of water is available at these two barrages which can be diverted to Sukh-Beas channel during July to September. Even excluding half of the discharge flowing d/s of the Balloki Barrage for diversion to Cholistan area, through BS Link canal (currently being planned by the Punjab Irrigation Department), half of this volume, i.e., 1.26 MAF, would still be available for diversion to Sukh-Beas channel. However, these meager flood flows The flood flows to the Sukh-Beas channel can be released from Balloki-Sulemanki (BS) and Sidhnai-Mailsi-Bahawal (SMB) Link canals, for recharge purpose. Therefore, it is concluded that stopping and reversing the declining groundwater tables in Bari Doab would be possible by diverting flood flows to Sukh-Beas channel. Equity among the farmers regarding groundwater availability will be improved, resulting in improved agricultural yields in the area. Specific conclusions regarding diversion of flood flow and recharge are as follows:
• Operation of the escape gates would have to be rehabilitated, especially electric motors would have to be installed for their easy and frequent operations; • Kasur Nallah entering from India should be diverted to its old route, i.e., Sukh-Beas channel, after its rehabilitation for surface water use by the adjoining lands and groundwater recharge; • Link canals, particularly the QB Link, Maral Ravi and UCC Link to Balloki mechanism Barrage, should be remodeled for diversion of extra flood water available in Chenab River to Balloki and Sidhnai barrages; • All the three reaches of Sukh-Beas channel should be rehabilitated to the maximum possible level for accommodating extra flood water during wet season; • All the three reaches of Sukh-Beas channel should be used for groundwater recharge with flood water conveyed through BS Link and SMB Link canals; • Most of the bridges and other structures have enough capacity for passing this flood water, though very newly built bridges like the one near Muhammad Pura would need widening in order to avoid flooding of a few acres of land on upstream side; • The SB channel crosses as level crossing with abandoned Mailsi Canal. Thus, water released in SB channel can also be ponded in Mailsi Canal;
However, capacity of the SB channel has reduced with passage of time due to encroachment of fields by the farmers toward the channel itself. Reachwise-specific conclusions and recommendations regarding the channel capacity are as follows:
• 5-10 km of the BS Link to Sutlej River reach of the channel would have to be widened, and its section made equivalent to the existing section of the rest of the channel; • Trimming of the existing full section may also be needed at a few places to remove any obstacles in the channel for easy accommodation of the released flood water.
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